Experiments on HL-2A, DIII-D and EAST show that turbulence just inside the last closed flux surface (LCFS) acts to reinforce existing sheared ExB flows in this region. This flow drive gets stronger as heating power is increased in L-mode, and leads to the development of a strong oscillating shear flow which can transition into the H-mode regime when the rate of energy transfer from the turbulence to the shear flow exceeds a threshold. These effects become compressed in time during an L-H transition, but the key role of turbulent flow drive during the transition is still observed. The results compare favorably with a reduced predator-prey type model.
flow scales can then be written in terms of two equations:
where the effective turbulence energy input rate is given by γ eff = γ eff (∇n,∇T ,V E ′ ,...) , the m,n=0 ExB flow damping rate is given by γ LF , and the plasma--frame decorrelation rate by γ decorr pl , indicating the rate of nonlinear energy transfer to the high k region where viscous dissipation occurs. The power transfer or production term P LF has already been introduced above, and appears as a sink in the first equation and a source in the second equation. We note that this simple power balance model for the turbulence/sheared ExB system reduces to the published predator--prey model 2 if the input rate is given as
) is the linear growth rate of the gradient--driven instability in the absence of flow shear, the pressure gradient is given as ∇p i ∝ q i where the control parameter q i denotes the heat flux through the system, the mean shear flow is proportional to the curvature of the pressure profile, i.e. ′ V MSF ∝ ′′ p i , the stress is taken to scale as  v r  v θ ∝ ′ V E and α is a constant parameter. Estimates for γ eff can be obtained
, or it can be modeled. The production term P LF is determined via an approach similar to that used in earlier work 3 in which the relevant quantities are computed in the time-domain using suitably filtered and averaged quantities. This approach implicitly assumes that there is a separation of timescales (or equivalently frequency) between the turbulent and m,n=0 sheared ExB flow scales, which in turn requires a priori knowledge of the relevant timescales. For the HL-2A, EAST and DIII-D devices these scales have previously been identified (see e.g. [4] [5] [6] ). We also point out that this zero-dimensional model neglects the divergence of triple product terms in the energy balance model equations 7 which correspond to turbulence amplitude spreading and turbulent scattering of shear flow; the significance of these terms are the focus of current work.
.
Model Behaviors:
this system has a fixed point solution given
. A slow increase in the heat flux (e.g. slow enough so that the edge gradients evolution is slow compared to the confinement time) should then increase the density and temperature gradients and heat the edge, resulting in an increase in the turbulence amplitude and a decreased rate of zonal flow Additional insight into this physics can be obtained by considering radial profiles of the
, the low frequency ExB flow V ExB LF and the product of these two, P Re ,which is equal to the rate of work done by the turbulence on the low frequency ExB flow which in a 0-D model satisfies P Re = P LF . The Reynolds stress is computed using a time-domain high-pass digital filter to isolate velocity fluctuations with f>20kHz; the product of these fluctuations is then time averaged to produce the 
The results (Fig. 3 lower panel) show that in the fixed point L--mode regime, just before the transition to LCO regime, the turbulence has
, indicating that turbulent energy is dissipated to both low--frequency ExB flows and to high frequency, high wavenumber (and thus presumably viscous) dissipation processes at comparable rates. Furthermore, because the L--mode state is time--stationary, we can estimate that in L--mode just prior to entry into the LCO regime, the net rate of energy input into the turbulence must balance these combined dissipation processes, and thus we can estimate the
Examining the magnitudes of the stress and ExB flow in Lmode, we can also estimate γ LF~1 0 5 sec −1 .
The transition to the LCO state is observed to occur at about 1.6062 seconds as seen by the onset of oscillations in the data in Fig.  3 . In the short (few 100 µ sec ) time
period of the onset of the LCO phase, it seems unlikely that the mean density and temperature profiles would be able to evolve. Thus the free energy source driving the turbulence and the (m,n=0) flow damping rate γ LF will remain roughly constant across the transition into the LCO state. Examining the results in Figure 3c , we note that at the onset of the LCO regime, the P ZF /  v ⊥ 2 channel increases by a factor of 2--3 to a value of about 10 6 sec --1 or so at 1.606 seconds while the decorrelation rate shows no similar prompt jump. Clearly then becomes the dominant turbulent energy dissipation channel as the LCO regime is entered. As a result, changes in V ExB LF can have a significant impact on the turbulent energy balance via the model equations given above. inside the LCFS during a DIII--D LCO discharge. The stress and turbulent energy both grow as the m,n=0 ExB flow approaches its minimum value. Then, as the stress reaches its most negative value, the m,n=0 ExB flow begins to accelerate and reaches its maximum acceleration either just at or very shortly after the peak in the turbulent stress. Since the stress is nearly zero outside the LCFS, we can take the Reynolds force as being proportional to the value of the stress; thus stress
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the stress can provide an acceleration which then modulates the m,n=0 ExB flow and that the observed flow dynamics are consistent with this interpretation.
We have also used BES turbulence imaging to study the power transfer evolution during the same L--mode to LCO transition. In particular, we have used velocimetry analysis 11, 12 of BES imaging data obtained in the same discharges to provide a similar calculation of the shearing rate and nonlinear power transfer rate during the L--mode to LCO transition. The results (Fig. 5 ) provide a qualitatively similar picture of the onset of strong nonlinear power transfer into the low frequency shear flow at the moment of the LCO transition, and a subsequent modulation in this transfer rate during the LCO regime. Thus these results do not seem to depend upon the use of probes to infer the results. We also note that radially resolved probe measurements show that these effects are localized to the region slightly (~1cm) inside the LCFS (Fig. 6 ).
LCO to H-mode transition:
The radial profiles of V ExB LF and detailed discussion of these results can be found in a recent paper 13 .
Measurements of the rate of turbulence kinetic energy recovery 
